Objective: To identify a body fat percentage (%BF) threshold related to an adverse cardiometabolic profile and its surrogate BMI cut-off point. Design: Cross-sectional study. Setting: Two public schools in poor urban areas on the outskirts of Guatemala City. Subjects: A convenience sample of ninety-three healthy, prepubertal, Ladino children (aged 7-12 years). Results: Spearman correlations of cardiometabolic parameters were higher with %BF than with BMI-for-age Z-score. BMI-for-age Z-score and %BF were highly correlated (r = 0·84). The %BF threshold that maximized sensitivity and specificity for predicting an adverse cardiometabolic profile (elevated homeostasis model assessment-insulin resistance index and/or total cholesterol:HDL-cholesterol ratio) according to receiver operating characteristic curve analysis was 36 %. The BMI-for-age Z-score cut-off point that maximized the prediction of BF ≥ 36 % by the same procedure was 1·5. The area under the curve (AUC) for %BF and for BMI data showed excellent accuracy to predict an adverse cardiometabolic profile (AUC 0·93 (SD 0·04)) and excess adiposity (AUC 0·95 (SD 0·02)). Conclusions: Since BMI standards have limitations in screening for adiposity, specific cut-off points based on ethnic-/sex-and age-specific %BF thresholds are needed to better predict an adverse cardiometabolic profile.
The International Obesity Task Force estimated in 2010 that up to 200 million schoolchildren were overweight; of those, 40-50 million were obese (1) . The great increase of childhood overweight/obesity over the last three decades seen in developing countries is now being observed in low-and middle-income countries elsewhere in the world, particularly in urban settings, where racial and ethnic disparities in obesity prevalence exist (2) . As an example, Guatemala is experiencing 'the double burden of disease', with the coexistence of chronic malnutrition and an obesity prevalence of 12·3 % in pre-adolescent children (3) . Half of Guatemalan children aged 8-13 years have at least one component of the metabolic syndrome (MetS). However, it is uncertain whether conventional BMI-based definitions of overweight/obesity appropriately identify children with excess adiposity who are then at cardiometabolic risk (4) . Obesity is a medical condition in which excessive body fat (BF) may impair health and represents the fifth leading risk for death globally (1) . Although excess fat is the indicator of obesity, BMI is considered a surrogate measure of BF to classify individuals as obese (5) . Nevertheless, the accuracy of BMI to estimate BF is debatable in childhood because adiposity is affected by growth and stages of maturation (6) (7) (8) . Moreover, variations in adiposity and its relationship with BMI by sex and race-ethnicity can lead to misclassification of obesity (9) .
The WHO cut-off points to define overweight inadequately estimate percentage body fat (%BF) in Caucasian populations and different racial groups in Asia (10) . Also, it is known that common BMI cut-offs to diagnose overweight have high specificity, but low sensitivity in identifying adiposity, failing to identify half of the people with excess %BF (7, 11) . Despite the significant correlation between %BF and BMI, children grouped by their BMI do not group similarly based on their %BF (8) . As BMI does not account for wide variations in BF distribution, it may not correspond to the same degree of adiposity and associated health risks in different individuals and populations (7, 12) . Then, it is of relevance to continue studying the relationship between BMI and %BF to properly identify the possible components of MetS (13) . Several studies have assessed BF cut-offs correlating with biological risk (14, 15) . Others have evaluated the ability of different BMI cut-off points in childhood to predict cardiovascular risk in midadulthood (16) . However, to our knowledge, no study has defined BMI cut-offs based on the metabolic disorders related to adiposity by means of a two-step procedure. Health-care professionals need a more sensitive BMI reference tool for children to enable early detection and to quantify the degree of obesity in the prevention of future cardiovascular health hazards (17) (18) (19) . Our objective was to identify a %BF threshold associated with an adverse cardiometabolic profile and its surrogate BMI cut-off point in a population of Guatemalan children.
Methods

Participants and setting
The present study is part of a cross-sectional study carried out by the Comprehensive Center for the Prevention of Chronic Diseases (CIIPEC), at the Institute of Nutrition of Central America and Panama (INCAP). The main objective was to measure the prevalence of cardiovascular risk factors in normal-weight and overweight children in order to understand cardiovascular health in poor Guatemalan children.
Ninety-three healthy, prepubertal, Ladino children (a distinct ethnic group composed mostly of Spanish/ American Indian mestizos), aged between 7 and 12 years, were randomly recruited within two elementary public schools of Mixco in the peri-urban area of Guatemala City (forty-six boys and forty-seven girls). Schools were selected by convenience, for being located in a poor area (children from low-and medium-to low-income families), with the agreement of the principals and teachers. They were similar to the applicant schools that later on would be included in an intervention programme.
Inclusion criteria were: apparently healthy children with BMI within the normal range (n 53) or overweight (n 40) according to WHO classification (BMI Z-score of 0 to 1 for normal weight and > 1 for overweight) and living in the peri-urban area. Exclusion criteria were: chronic disease, menarche, having a brother/sister already included in the study and undernutrition (WHO BMI Z-score < − 2).
INCAP's Institutional Ethics Committee approved the study protocol. Informed written consent was obtained from parents and verbal assent from each child before the tests.
Measurements
Anthropometry, body composition and cardiometabolic measurements were performed early in the morning on each child by three trained members of the research team at the Physiology and Body Composition Laboratory of CIIPEC, using standard protocols, from August to December 2010. Children, who were accompanied by one parent or tutor, had fasted overnight and had avoided any kind of physical exertion for at least 12 h before the test. All measures are summarized in Table 1 ). BMI Z-scores were evaluated according to the WHO standards (20) . Precision was estimated with the mean of two measurements. If the difference between both measurements was 0·5 kg for weight and 0·5 cm for height, a third was obtained, and the mean of the two closest was used.
Body composition
Percentage of trunk fat (%TF), %BF and fat mass (kg) were measured by dual-energy X-ray absorptiometry using a Lunar iDXA instrument (GE Healthcare Worldwide, General Electric Company, Bucks, UK) and enCORE 2008 (version 12·30·008) software. This is the most used reference technique to measure fatness owing to its high accuracy (21, 22) . Fat mass is adjusted to be more accurate: fat mass/(fat mass + lean mass + bone mineral content) × 100 (23) . On the day of each test, the equipment was calibrated following the manufacturer's guidelines.
Cardiometabolic measurements
The study physician drew a blood sample (8 ml) by venepuncture. Plasma or serum was separated by centrifugation within 3 h after phlebotomy and immediately frozen until analysis to obtain biochemical variables. Colorimetric methods (Cobas c111 analyser; Roche Diagnostics GmbH, Indianapolis, IN, USA) were used for total cholesterol (TC), LDL-cholesterol (LDL-C), HDL-cholesterol (HDL-C), TAG, fasting plasma glucose (FPG) and serum homocysteine analyses. Serum insulin was obtained by chemiluminescent enzyme immunoassay (Immulyte 2000; Siemens Healthcare Global, Deerfield, IL, USA). Insulin resistance (homeostasis model assessment-insulin resistance index) was estimated as: HOMA-IR = (glucose × insulin)/405 (for glucose in mg/ dl and insulin in μUI/ml) (24) . The derived TC:HDL-C ratio was determined. Blood pressure (BP) was measured in triplicate, at least 1 min apart, using a standardized technique and an appropriate size for the arm cuff. The mean of the second and third measurements was reported. If the difference between them was 10 mmHg for systolic or diastolic BP, a fourth measurement was obtained, and the mean of the two closest was used.
Definition of adverse cardiometabolic profile
We considered adverse lipid levels as those referred to in the American Academy of Pediatrics' 2008 report (25) , corresponding to 95th percentile values (5th for HDL-C) for children < 10 and ≥10 years old. We used the cut-off of ≥100 mg/dl for FPG from the American Diabetes Association (26) . HOMA-IR higher than 3·2 was considered abnormal (24) . Based on adult observations, TC:HDL-C greater than 4·5 was considered adverse (27, 28) . From 6 to 9 years old and from 10 to 12 years old, hypertension was considered as systolic and diastolic BP levels ≥122/78 mmHg and ≥126/82 mmHg, respectively (29) .
The term 'adverse cardiometabolic profile' (ACMP) has been thoroughly studied in relation to the MetS (30) . A definition of MetS is established for adults (31) , but remains controversial for children (32) . Therefore, an ad hoc definition of risk profile was used. Considering the definitions above, we defined an ACMP from those parameters that proved to have a moderate to good significant correlation with %BF (r = 0·50 to 0·75) in both sexes, which resulted as HOMA-IR higher than 3·2 and/or TC:HDL-C greater than 4·5 (Table 2) .
Statistical analyses
The sex-stratified profile of the sample was described quantitatively. Significant differences across anthropometric and metabolic parameters between sexes were investigated using Student's t test or the Mann-Whitney U test.
The prevalence of adverse lipid profile, TC:HDL-C, FPG, HOMA-IR and BP was estimated. Afterwards, the prevalence of obesity with the WHO (BMI-for-age Z-score > 2), International Obesity Task Force (BMI-for-age equivalent to ≥30 kg/m 2 in adults) and Centers for Disease Control and Prevention standards (BMI-for-age ≥95th percentile) was determined (20, 33, 34) . The differences between the three criteria were tested using the χ 2 test. Age-and sex-adjusted Spearman analyses were used to obtain cross-correlations between adiposity (%BF) and 
CDC, Centers for Disease Control and Prevention; IOTF, International Obesity Task Force; DXA, dual-energy X-ray absorptimetry; %BF, percentage body fat; %TF, percentage trunk fat; TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment-insulin resistance index; SBP, systolic blood pressure; DBP, diastolic blood pressure. *According to the WHO reference (20) . †Values reported are percentage (%) and number of subjects (n) for total, boys and girls. ‡Significantly different by sex (P < 0·05).
BMI-for-age Z-scores with cardiometabolic risk parameters (lipid profile, insulin resistance and BP).
A threshold of %BF that predicted an ACMP with a receiver operating characteristic (ROC) curve was determined (35) . The sample distribution of %BF was divided into 2 % thresholds. For each threshold, we calculated sensitivity (percentage of all children with an ACMP defined as obese by the threshold), specificity (percentage of all children without an ACMP defined as non-obese by the threshold), positive likelihood ratio (LHR; sensitivity=ð1ÀspecificityÞ, the odds of having an ACMP above the threshold) and negative LHR (ð1ÀsensitivityÞ=specificity, the odds of not having an ACMP below the threshold) (36) . According to the ROC curve analysis, a threshold based on the maximization of sensitivity and specificity was selected. The area under the curve (AUC) was calculated with the parametric ROC curve analysis method, suggesting the accuracy of %BF to discriminate between children with and without the risk profile.
The explained ROC curve analyses for BMI-for-age Z-scores and %BF were repeated to obtain the surrogate threshold of BMI Z-score that divided our sample into children above and below the previously defined %BF threshold. In this case, BMI-for-age Z-scores were divided into thresholds of 0·5.
Statistical analyses were performed using the statistical software package STATA SE version 12·1. Statistical significance was defined as P < 0·05.
Results
Mean age of the participants was 9·7 (SD 1·4) years. The prevalence of elevated TC, TC:HDL-C, TAG, LDL-C, FPG and HOMA-IR levels was 7·5 %, 10·8 %, 54·8 %, 3·2 %, 1·1 % and 5·4 %, respectively. No child was hypertensive, 43 % had low HDL-C and 43 % were overweight (BMI-forage Z-score > 1). The prevalence of obesity varied from 20 % under the WHO reference to 19 % by the Centers for Disease Control and Prevention and 13 % by the International Obesity Task Force standards (P < 0·001). %BF and %TF were both significantly higher in girls (Table 1) .
HOMA-IR and TC:HDL-C had the highest association with %BF (r = 0·64 and 0·60, respectively; Table 2 ). Correlations of these two and most cardiometabolic risk factors were somewhat lower with BMI-for-age Z-scores than with %BF. Correlation of BMI-for-age Z-score and %BF was high (r = 0·84, P < 0·001). The prevalence of the ACMP profile was 16 %. Table 3 shows the specificity, sensitivity, positive and negative LHR for each %BF threshold in the prediction of an ACMP. The %BF threshold that maximized sensitivity and specificity was 36 %. The prevalence of children having BF ≥ 36 % was 27 %, who were five times more likely to have an ACMP compared with those having BF < 36 %. The AUC for the %BF data was 0·93 (SD 0·04; Fig. 1 ), indicating excellent accuracy of %BF predicting an ACMP. Table 4 shows the specificity, sensitivity, positive and negative LHR for each BMI-for-age Z-score threshold in the prediction of excess adiposity, defined by the selected threshold of BF ≥ 36 %. A BMI-for-age Z-score threshold of 1·5 was selected as it maximized sensitivity and specificity. The prevalence of children having BMI-for-age Z-score ≥ 1·5 was 32 %, who were eight times more likely to have excess adiposity compared with those having BMI-for-age Z-score < 1·5. Children with a BMI-for-age Z-score < 1·5 were 86 % less likely to have excess adiposity. The AUC for the BMI data was 0·95 (SD 0·02; Fig. 2 ), indicating excellent accuracy of BMI-for-age Z-score in predicting the critical %BF that implies an ACMP. 
%BF, percentage body fat; DXA, dual-energy X-ray absorptimetry; TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; FPG, fasting plasma glucose; HOMA-IR, homeostasis model assessment-insulin resistance index; SBP, systolic blood pressure; DBP, diastolic blood pressure. *ρ p , Spearman correlation coefficients adjusted for age and/or sex. †No significant correlation (P ≥ 0·05).
Discussion
The BMI Z-score cut-off point of 1·5 was estimated from a 36 % BF threshold built from adverse cardiometabolic parameters with which the correlation was moderate to good. That resulted in the best trade-off between sensitivity and specificity for Guatemalan Ladino children to predict excess adiposity compromising health. Following the WHO classification, eleven out of ninety-three children would have been misclassified downwards with the BMI Z-score cut-off of > 2 (sensitivity 64 %); and nine out of ninety-three would have been misclassified upwards with the BMI Z-score cut-off of > 1 (sensitivity 100 %).
Most studies have evaluated excess adiposity according to a sex-and age-specific %BF percentile (16, 37, 38) . Three heterogeneous studies proposed %BF cut-offs in childhood based on cross-sectional associations with CVD risk factors (14, 15, 39) . They differed in the selection of the risk factors' threshold levels.
The MetS is a cluster of risk factors for CVD and type 2 diabetes (40) . Obesity plays a primary role and leads to insulin resistance, increased BP and dyslipidaemia (31) . Its definition for children is problematic because of changes in lipid profile, BP, insulin sensitivity and anthropometry with age and pubertal development. Thus, several cut-off values for the risk factors have been used (41) . The International Diabetes Federation made a proposal, but also suggested that MetS should not be diagnosed as an entity Fig. 1 Empirical receiver operating characteristic curve predicting children with abnormal homeostasis model assessment-insulin resistance index and/or total cholesterol: HDL-cholesterol levels using specific percentage body fat thresholds in ninety-three healthy, prepubertal, Ladino children (aged 7-12 years), Guatemala Table 4 Specificity, sensitivity and likelihood ratios for each BMI-for-age Z-score threshold to predict adiposity in ninety-three healthy, prepubertal, Ladino children (aged 7-12 years), Guatemala BMI-for-age Z-score range* Sensitivity Specificity LHR pos † LHR neg ‡ < − 1·00 1·00 0·00 1·00 - 1·00  0·26  1·36  0·00  0·00 to 0·49  1·00  0·46  1·84  0·00  0·50 to 0·99  1·00  0·65  2·83  0·00  1·00 to 1·49  1·00  0·78  4·53  0·00  1·50 to 1·99  0·88  0·88  7·48  0·14  2·00 to 2·49  0·64  0·96  14·51  0·38  2·50 to 2·99  0·40  0·97  13·60  0·62  3·00 
LHR, likelihood ratio; pos, positive; neg, negative; BF, body fat. *BMI-for-age Z-score demarcation ranges according to the WHO reference (20) . For each range, 36 % BF is the cut-off point defining excess of adiposity implying risk profile, as revealed in Table 3 .
†Sensitivity/(1 -specificity). ‡(1 -Sensitivity)/specificity. Fig. 2 Empirical receiver operating characteristic curve predicting children with excess adiposity levels implying an adverse cardiometabolic profile using specific BMI-for-age Z-score thresholds in ninety-three healthy, prepubertal, Ladino children (aged 7-12 years), Guatemala 
%BF, body fat percentage; LHR, likelihood ratio; pos, positive; neg, negative; HOMA-IR, homeostasis model assessment-insulin resistance index; TC, total cholesterol; HDL-C, HDL-cholesterol. *For each %BF demarcation range, adverse CVD risk profile is defined as HOMA-IR ≥ 3·16 and/or TC:HDL-C ≥ 4·5. †Sensitivity/(1 -specificity). ‡(1 -Sensitivity)/specificity.
in children younger than 10 years (42) . Therefore, we defined an ad hoc ACMP based on the clustering of risk factors and their correlation with %BF. Insulin resistance is a major precursor of CVD and type 2 diabetes (30) and among children, the reliability of HOMA-IR for its measurement is well established (24) . Moreover, the ratio TC:HDL-C is a positive predictor of oxidized LDL concentrations, playing an important role in the atherosclerotic process (28) . Comparison of studies that explore the feasibility of overweight to identify fat children is challenging, as different BMI and adiposity cut-offs are proposed (17, 43, 44) . Moreover, a high BMI level is a specific, but not a sensitive, predictor of %BF (37, 43, 45) . Among children, BMI has inconsistently been correlated with adiposity (2, 46) and its accuracy increases with the level of BF (2, 47, 48) . Then, the high correlation found between BMI and %BF in the present study might be due to our oversampling of overweight children. However, some ethnic groups, across all levels of BMI, have higher %BF (9, 10) . Our 36 % BF threshold, higher than those of Higgins, Williams or Dwyer (14, 15, 39) , suggests that Guatemalan Ladino children may have higher %BF basal levels. Although there is a significant association between overweight classification by WHO and cardiometabolic risk (49) , BMI misclassifies individuals with increased risk related to elevated adiposity (50) . BMI cut-offs detecting excess adiposity and %BF thresholds detecting risk profile with excellent discrimination were assessed (51) . In the whole spectrum of possible decision thresholds, we selected those optimizing both sensitivity and specificity. The positive LHR for the BMI-for-age Z-score of 2·0 doubles that of the 1·5 cut-off, and would therefore be more accurate in showing the likelihood of having ACMP in those with elevated adiposity, but at the cost of worsening the sensitivity (Table 4) . However, the health care of children puts a greater emphasis on more sensitive references for prevention tasks. Instead, the WHO BMI Z-score of >1 would increase the false-positive rate.
We acknowledge several important limitations of the present study. About half of the children were preselected to be overweight, so we cannot know the real prevalence of overweight/obesity. Moreover, Tanner stage was not assessed, so we could expect an influence of sex on biochemistry and %BF. To minimize this, we chose BMIfor-age Z-scores, which are sex-and age-adjusted, and lipid profile cut-offs above and below the age of 10 years, because most children below 10 years old are in Tanner stage 1 (prepubertal) (29) . The proposed risk profile definition is a modest approach to the multifaceted obese phenotype, lacking the dynamic view of muscle and fat (40) . Nevertheless, empirical categories are required for clinical practice. Estimating cut-off points for boys and girls separately would be the preferred choice but our limited sample size precluded it. Finally, parametric ROC curve analyses have the drawback of discarding data when they are grouped (35) . Therefore, ROC curve points and the AUC may be biased. However, as ROC curve analysis is independent of prevalence (35) , we had the advantage of equal numbers of participants with both conditions to evaluate without the need for representative samples.
Another limitation comes from the cross-sectional design of the study and the inherent lack of temporality in our causal hypothesis, but several colleagues (14, 15, 39) have previously used cross-sectional data to develop %BF cut-off points for defining obesity implying cardiometabolic risk.
Internal validity may somehow be affected in our study by the fact that the BMI Z-score threshold of 1·5 is based on a 36 % BF threshold, implying a false-negative rate of 8 % (92 % sensitivity) in the first step, and in our final step we found a false-negative rate of 12 % (88 % sensitivity). Like Higgins et al. (14) , we used dual-energy X-ray absorptiometry to obtain a robust estimation of %BF, as this technique is not affected by intra-and inter-observer variability.
According to our criteria of ACMP, ten children (10·8 % of the sample) had TC:HDL-C > 4·5 and five children (5·4 %) presented a HOMA-IR > 3·2; altogether, fifteen children. It is difficult to quantify the validity and reliability of these thresholds because there is no clear standard definition of ACMP (41) . Nevertheless, to our knowledge, this is the first attempt to assess the accuracy of BMI as an indicator of the degree of harmful adiposity using a two-step method. It represents an approach to obesity classification and a novel contribution to the literature concerning MetS.
Conclusion
In summary, as current BMI definitions have limitations in screening for adiposity, further efforts to build specific BMI cut-off points derived from ethnic-/sex-and age-specific %BF thresholds remain necessary. Such tailored tools may help developing programmes aimed to identify early metabolic risk in other child populations.
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